Kennesaw State University

DigitalCommons@Kennesaw State University
Senior Design Project For Engineers

Southern Polytechnic College of Engineering
and Engineering Technology

Spring 4-27-2022

Proposing ISO 50001 Energy Management System at Hitachi
Astemo Americas, Inc.
Elizabeth Anderson
Anthony Apanian
Walid Khalid
Jennifer Tran

Follow this and additional works at: https://digitalcommons.kennesaw.edu/egr_srdsn
Part of the Engineering Commons

Recommended Citation
Anderson, Elizabeth; Apanian, Anthony; Khalid, Walid; and Tran, Jennifer, "Proposing ISO 50001 Energy
Management System at Hitachi Astemo Americas, Inc." (2022). Senior Design Project For Engineers. 75.
https://digitalcommons.kennesaw.edu/egr_srdsn/75

This Senior Design is brought to you for free and open access by the Southern Polytechnic College of Engineering
and Engineering Technology at DigitalCommons@Kennesaw State University. It has been accepted for inclusion in
Senior Design Project For Engineers by an authorized administrator of DigitalCommons@Kennesaw State
University. For more information, please contact digitalcommons@kennesaw.edu.

Final Design Review (FDR)

Team Hitachi

Proposing ISO 50001 Energy Management System
at Hitachi Astemo Americas, Inc.

Elizabeth Anderson – Project Manager
Anthony Apanian – Energy Expert
Walid Khalid – Financial Officer
Jennifer Tran – Process Improvement Expert

Industrial & Systems Engineering Department
Kennesaw State University

April 27th, 2022

ISYE 4900
Dr. Khalid

2

Abstract
Kennesaw State University’s Industrial Assessment Center (referred to as IAC) has assisted
Hitachi Astemo with the creation of a plan to implement ISO 50001 at their plant in Monroe, GA.
ISO 50001 provides a way for organizations to improve their energy use through the development
of an energy management system (EnMS).
In this project, our team has focused on:
1. Preparation of Energy Policy for Hitachi Astemo based on ISO 50001 Requirements.
2. Assigning the Roles and Responsibilities at Hitachi Astemo Americas, Inc.
3. Collection of Energy Data Sources and Identification of Significant Energy Uses (SEUs).
4. Analyzing the Energy Data and Establishment of Energy Performance Indicators (EnPIs).
5. Proposing Energy Improvement Opportunities and Prioritizing the Recommendations.
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Chapter 1 – Introduction
The following subsections introduce our project and include general information about
Hitachi and their goals for this project, the project objective and justification, the problem
statement, and information about the Department of Energy’s (DOE) 50001 Ready Navigator
Portal.
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1.1. Hitachi Astemo Americas, Inc.
Hitachi Astemo Americas, Inc. (also referred to as (HIAMS)AS or Hitachi) is a
manufacturer that makes and markets engine management, electric power train, drive control, and
car information systems for major automotive original equipment manufacturers (OEM)
worldwide [1]. Hitachi Astemo Americas, Inc., is the Regional Headquarters of the Hitachi Astemo
Group for Americas, is a Tier 1 supplier of world-class products to the global automotive market
[1]. Hitachi’s vision statement is as follows: “Hitachi delivers innovations that answer society’s
challenges. With our talented team and proven experience in global markets, we can inspire the
world.” Hitachi is an ISO/TS 16949-certified company. ISO/TS standards lead to high-quality and
reliable products for customers and a network of communication that supports Hitachi’s Kaizenfocused programs [1]. Hitachi is committed to the utmost quality of their products, and states that
they “deliver global industry-leading Quality and exceed customer expectations with our products
and services, thanks to our people.” Hitachi hopes to provide total solutions for sustainable
community life around the world [1].

(HIAMS)AS has expressed an interest in becoming certified in the energy management
system “ISO 50001:2018”. The ISO 50001 standard provides organizations with a way to improve
their energy use through the development and adaptation of an energy management system
(EnMS). ISO 50001 is based on the management system model of continual improvement also
used for other well-known standards such as ISO 9001 or ISO 14001. ISO 50001 provides a
framework of requirements for organizations to develop a policy for more efficient use of energy,
fix targets and objectives to meet the policy, use data to better understand and make decisions
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about energy use, measure the results, review how well the policy works, and continually improve
energy management (ISO, 2018).
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1.2. Project Objective and Justification
The objective of ISO 50001 is to create an Energy Management System that helps
organizations manage their energy use and in turn improve productivity. The implementation of
ISO 50001 at Hitachi will enable the organization to define its energy use policy, make data-driven
energy use decisions, measure energy usage, review the effectiveness of its energy policy, and
work to continuously improve its energy management system.

Hitachi has already successfully achieved a high level of efficiency through its automated
processes. However, as the company continues to grow and increase its production rates, it must
be also able to maintain its overall energy efficiency level. Therefore, they need a solution that
will ensure the continuous improvement of their energy performance, efficiency, usage, and
consumption. To help solve this problem, our team will create the documentation that will provide
the steps for implementing ISO 50001 and an improved Energy Management System within their
Monroe facility, as well as assist with and assess the implementation. This overall effort will also
help the company reduce the potential for an increase in unnecessary energy waste.

In this project, we have focused on:

1. Preparation of Energy Policy for Hitachi Astemo based on ISO 50001 Requirements.
2. Assigning the Roles and Responsibilities at Hitachi Astemo Americas, Inc..
3. Collection of Energy Data Sources and Identification of Significant Energy Uses (SEUs).
4. Analyzing the Energy Data and Establishment of Energy Performance Indicators (EnPIs).
5. Proposing Improvement Opportunities and Prioritizing the Recommendations.
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1.3. Problem Statement
Once a certain degree of efficiency has been achieved within a manufacturing facility, the
next challenge that most companies will inevitably face is how they will be able to maintain this
overall efficiency as they continue to grow. Without a solid framework in place that will ensure
the continuous improvement of these processes, this high-level efficiency may not be maintainable
as they evolve, and resources change. The IAC team’s goal for this semester is to develop a plan
to implement a part of the ISO 50001 framework at Hitachi’s facility in Monroe that will help to
achieve this continuous improvement process in their energy systems.
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1.4. Department of Energy (DOE) Portal of ‘50001 Ready Navigator’
As a member of KSU’s IAC, our team – with the approval of Dr. Esmaeili – has been
granted access to the ISO 50001 Navigator portal. The 50001 Ready Navigator is an online tool
“that provides step-by-step guidance for implementing and maintaining an energy management
system in conformance with the ISO 50001 Energy Management System Standard. The 50001
Ready Navigator has been updated to reflect the changes made to the ISO 50001 standard in 2018”
[13]. According to the 50001 Ready websites, “use of the Navigator ensures that your organization
shares a consistent definition of energy management systems and facilitates a team-based approach
to its implementation. The Navigator is designed to help your organization build towards all parts
of ISO 50001, so that you can self-attest to being “50001 Ready” or pursue ISO 50001 or Superior
Energy Performance (SEP) 50001 certification” [13]. The below image shows the homepage of
the ISO 50001 Navigator website.

Figure 1: ISO 50001 Navigator Portal

There are a total of 25 tasks on the Navigator, and our team will be completing Navigator
tasks 5, 6, 8, 9, and 10 for Hitachi. Our team will also provide them with an assessment report
detailing ways Hitachi can save energy, reduce waste, and improve productivity.

There are numerous benefits of an EnMS – a deeper understanding of energy use,
leadership objectives focused on setting energy objectives, smarter and more intentional energy
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use, and lessening the organization’s carbon footprint [6]. ISO 50001 has been shown to offer
organizations a desirable return on investment. 6 out of 7 manufacturing organizations realized a
return on investment in under two years [11]. An effective EnMS can reduce energy costs, increase
energy security, and reduce energy consumption. It is important to note that there is not a “one size
fits all” across different organizational EnMS – each EnMS is inherently different, as each
organization consumes energy in different ways and utilizes its resources in different ways.
Despite these differences, organizations can follow the Annex SL Standards of ISO 50001 to lead
them to success. Annex SL states that all future assessable ISO 50001 standards must follow the
high-level standards (HLS) outlined in Annex SL [6]. Annex SL assumes that the Plan-Do-CheckAct (PDCA) model is a common model amongst leaders who implement ISO 50001 [6]. The HLS
clauses for the Annex SL are as follows:
1.

Scope – this relates to the intended outcome of the management system. In practice, it
provides the parameters and limitations of what the management system will include
[6].

2.

Normative references – this provides details of the publications and reference standards
that the management system will be subject to [6].

3.

Terms and definitions – these state any specific terms and definitions applicable to the
individual ISO standard concerned, e.g. ISO 50001. Again, something strategic
managers will have explained to them by their technical managers if applicable to wider
energy management decisions [6].

4.

Context of the organization – this details the organization’s place in the marketplace,
and how its vision, governance, and goals fit in with the scope of the management
system [6].
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5.

Leadership – all Annex SL standards are leadership-based – in practice, middle
managers only support the leadership involvement with the management system.
Before Annex SL, many ISO standards only expected top management involvement
with setting and reviewing policy and objectives, rather than the entire management
system [6].

6.

Planning – in Annex SL, planning equates to risks and opportunities. While planning a
management system may involve many strategic and even tactical considerations, the
risk-based approach to management is the key consideration. Leadership must define
objectives for minimizing risk and maximizing opportunities and put a management
system in place to support them. The whole management system operates and is
measured according to these objectives, which is why defining them is a planning
requirement [6].

7.

Support – people, infrastructure, communications, and documented information. The
need for human resources is based on competence, awareness, and communication –
are these adequate for meeting the requirements of the management system? With ISO
50001, competence can include the risks of not being able to identify, analyze and
measure the energy consumption data. These will all require different skills and
experience, although IT infrastructure is taking a lot of the donkey work out of such
activities. In other words, the way human and physical resources interplay needs to be
considered by leadership in a risk-based management system [6].

8.

Operations –the day-to-day delivery of management system requirements. These
include both in-house and outsourced processes, and process controls such as planned
and unplanned changes to achieve a conforming process delivery. All operations’
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processes directly support the risk-based objectives or, to put it another way, tactical
processes are directly aligned with more strategic ones [6].
9.

Performance evaluation – this is formed of five key areas: monitoring, measurement,
analysis and evaluation, internal audit, and management review. Organizations need to
decide how their risk-based management system will be monitored, i.e. measured,
analyzed, and evaluated; these may be comparatively straightforward measures or very
complex depending on the size of the organization, the breadth of the processes
concerned, and the level of risk they present. Internal audit is part of this process to
ensure the management system continues to conform to the requirements of the
organization as well as the standard applicable, e.g., ISO 50001. Management review
looks at whether the management system continues to be effective in minimizing risks
and maximizing opportunities and decides if the current objectives need any
amendment [6].

10.

Continual improvement – one of the cornerstones of PDCA. The process is circular –
the organization learns from its successes and mistakes and builds the corrective action
into future management system planning and objectives. Remember, Annex SL talks
about continual and not continuous improvement. ‘Continuous’ implies a constant and
uninterrupted state of improvement, whereas ‘continual’ means improvement over a
long period. The monitoring and measurement processes are there to identify where
improvement has been achieved and, of course, where corrective actions are needed,
but these corrective actions, if successful in their implementation, lead to continual
improvement as well [6]. According to the ISO 50001 Navigator Portal, establishing
and implementing the energy management system (EnMS) is only the beginning of an
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organization’s sustainability journey [13]. Maintaining the EnMS over time and
achieving continual improvement for the long term requires that the EnMS keep pace
with the goals and changing circumstances of the organization in question [13]. As
mentioned above, the PDCA model provides the framework to support and sustain
energy performance improvement and improvement of an organization’s EnMS. It is
crucial for the EnMS to be supported by actions and decisions that ensure the EnMS is
maintained, and the continual improvement processes and their results are sustained
over time [13]. Several continual improvement tools involve knowing objectives and
energy targets, action plans, energy performance indicators (EnPIs), baselines,
monitoring and measurement, and other structural components of the EnMS [13].
Maintenance of the EnMS starts with ensuring that the required periodic reviews and
updates are performed as planned. One also must ensure that the EnMS and the
organization’s change management processes are connected [13]. Additionally, the
organization must ensure the ongoing integration of the EnMS into business practices.
Overall, the organization must ensure ongoing integration of the EnMS into your
organization’s business processes to achieve continuous improvement [13].

Arguably, leadership is the most important of the above clauses. The EnMS in question must
be leadership-led, and there must exist coordination amongst all management levels to ensure
meaningful integration amongst all individuals in the organization [6]. Communication and
coordination among leadership are the keys to the successful implementation of ISO 50001.
Leaders who are not engaged with their team will likely fail when implementing an EnMS.
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Chapter 2 – Literature Review
Our team conducted a literature review to gain insight into the ISO 50001 framework,
energy management systems, sustainability, general Hitachi information, and renewable resources.
In the below sections, we have presented our literature review findings.
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2.1. Hitachi Corporate Sustainability Initiatives and Other Organizations
Policies
Hitachi’s 2021 Sustainability Report (this report is publicly available and is posted on
Hitachi’s website) details Hitachi’s stance on environmental, social, and governance issues and
details the activities Hitachi undertook concerning these goals in the fiscal year 2020 [14].

According to the report, Hitachi's vision is to achieve a sustainable society by improving
the quality of life and adding value for customers [14]. Hitachi wants to become a climate change
innovator and help other organizations reduce their greenhouse gas emissions. In addition, Hitachi
plans to become carbon neutral by 2030 [14].

The below information expresses the initiatives Hitachi will engage in – and has engaged
in – to achieve its environmental and energy-related goals [14]:

•

Achieve carbon neutrality in business sites (factories and offices) by 2030:
o Improve production and energy use efficiency during the production by
adopting and updating highly efficient equipment in business sites.
o Acquire renewable energy and adopt equipment for it to effectively promote
carbon neutrality at business sites.
o Encourage the use of the Hitachi Internal Carbon Pricing (HICP) system which
was introduced to provide incentives for capital investments that contribute to
CO2 reductions.

•

The world-class energy efficiency of products:
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o Promote world-class energy efficiency in products provided to customers by
considering reductions in environmental impacts from the design stage.
•

Active promotion of projects that contribute to society’s overall shift to carbon neutrality
o To speed up the shift to carbon-neutral energy systems, Hitachi will combine power
grids transmission/distribution networks) that support the expansion of renewable
energy with state-of-the-art intelligent control systems which will serve as stronger,
more reliable, and more secure energy systems that contribute to a decarbonized
society.
o Contribute to popularizing decarbonized mobility by encouraging the spread of
highly energy-efficient high-speed railcars and hybrid railcars with storage
batteries, providing EV systems to expand the EV market, and creating and
enhancing EV value chains to help promote the spread of EVs.

•

Develop technology that paves the way for transitioning to a decarbonized society:
o Hitachi is taking the approach of back casting from 2050 and promoting research
and development that can respond to the rapid changes in society. Hitachi plans to
set the number of R&D investments at ¥1.5 trillion over three years. In the
environmental field that includes promoting research and development in areas
such as grid control technology that would bring about the mass adoption of
renewable energy, electrification/motorization and operation management
technology, state-of-the-art materials, and CO2 absorption and utilization and thus
contribute to a net-zero society.

•

Work with suppliers toward a decarbonized society
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o As part of the initiatives to promote carbon neutrality in the supply chain, starting
in fiscal 2021 Hitachi plans to request that 70% of suppliers (based on the total
amount of our transactions and does not include publicly listed subsidiaries)
formulate CO2 reduction plans.

Hitachi also believes in promoting environmental awareness among employees,
shareholders, and stakeholders, and knows that understanding among employees of the company’s
policies and goals is essential to their sustainability efforts [14]. Because of this, Hitachi offers
general education using e-learning for all employees. In addition, annual training on environmental
risks and compliance with environment-related laws and regulations is conducted for internal
environmental auditors and other health and safety employees [14].

Our team researched existing energy policies among other companies to use as resources
and templates for the creation of a Hitachi energy policy – two of the policies we found, studied,
and learned from can be seen below.
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Figure 2: Jubilant Energy Policy
Jubilant’s Energy Policy (seen above) is a good example of how an effective energy policy
is drafted. The policy begins by stating the company’s commitment to responsible energy use, and
its desire to pursue comprehensive energy management. The policy then outlines specific steps
Jubilant will take in its sustainability journey. The policy concludes with Jubilant once again
stating their commitment.
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Figure 3: Profine Energy Policy
Profine’s Energy Policy (seen above) is like Jubilant’s in that it begins with the company
stating its commitment to its energy management system. It goes on to outline what they hope to
achieve with their energy management system – their main goal is to become the most sustainable
company in their industry. The policy states that all employees are aware of the organization’s
energy goals – something that is key to the successful implementation and management of an
EnMS.
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Our team found these two policies to be extremely well-written, informative, and
impactful. These two policies served as references and templates for the energy policy we drafted
for Hitachi. From these policies, we learned the importance of stating the organization’s
commitment to its EnMS. The energy policy is released to the public and is visible to anyone in
the world, so it is important for organizations to clearly express their commitment and desire to
stick to their EnMS. Next, the organization must express how they plan to reach its goals. The
explanations must be clear and concise and should lay the groundwork for the organization’s plan
to adhere to their EnMS.
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2.2. Instances and Case Studies for Successful ISO 50001 Implementations
A recurring theme amongst ISO 50001 implementation-related literature is the importance
of ensuring good practices to reduce the vulnerability of organizations that practice ISO 50001 [4].
A management system “…should harmoniously integrate processes, people, resources, and
methods in a coherent manner, to achieve the fundamental purposes and strategic objectives of
sustainable success.” [4]. Small and medium-sized enterprises (SMEs) are especially vulnerable
to EnMS failures – therefore, the EnMS must promote alignment among all levels of management
and operations with subsequent risk analyses and opportunity analyses. It is considered good
practice for ISO 50001 to support energy management policies to be based on risk analysis and
risk management – and the risk management policies must meet the strategic objectives of the
organization [4].

In a case study presented on the ISO 50001 Navigator website, Nissan reflected on their
use of the ISO 50001 Navigator on their EnMS journey. Nissan North America has recommitted
to a 15% reduction of energy consumption in its three U.S. manufacturing facilities by 2022 after
having achieved a 25% reduction in five years [17]. This effort is part of Nissan's global
environmental action plan which encompasses a broad application of fuel-efficient vehicles and
corporate carbon footprint minimization [17]. Nissan has built upon its EnMS using the 50001
Ready Navigator to train new employees, and by achieving the 50001 Ready designations to
explore a free way to promote energy management practices across its supply chain [17]. Nissan
has decided to onboard new energy team members using the 50001 Ready Navigator, which
proved an effective tool to train new staff on the organization’s energy management processes
[17]. Throughout a week, a new hire on Nissan’s energy team used and completed the 25 tasks in
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the 50001 Ready Navigator to familiarize himself with ISO [17]. Following his successful use of
the Navigator as a tool for self-paced training, Nissan intends to continue to use the Navigator to
educate and engage staff—and increase awareness and buy-in [17].

Polaris Industries manufactures a diverse range of vehicles such as snowmobiles and ATVs
for recreational, commercial, and military customers [17]. Polaris likes the rigor and structure of
50001 Ready and its ability to pave the way for potential certification to the global ISO 50001
standard and selected 50001 Ready as their tool to guide them on their journey to becoming ISO
50001 certified [17]. Polaris created an Energy Team to carry out tasks as part of DOE's 50001
Ready Navigator tool, and Navigator Tasks were delegated to the relevant areas of expertise on
the team [17]. The team liked how the Navigator tool provided a tool that enabled them to make
strides in their progress building from the more basic tasks toward a more structured system
approach. It helped the team identify gaps, brainstorm solutions to close those gaps and chart a
path forward to meet plant objectives [17]. Overall, the 50001 Ready Navigator can help facilities
by ensuring that their new energy management approach addresses all important facets of the
operation [17].

We can learn a lot from organizations that have successfully – or unsuccessfully –
attempted to implement ISO 50001 within their organizations. It has been said that corporate
sustainability is key to obtaining a competitive advantage in the corporate world, which furthers
the need for organizations to implement energy management systems [5]. In addition, energy
management systems help organizations adhere to legal requirements [7].

27

As previously mentioned, ISO 50001 does not set a standard for the company – rather it
helps companies to set their own standards to adhere to. Existing literature stresses the importance
of choosing a motivated and qualified energy manager as well as energy team members. When
choosing an energy manager – an especially important position – one must look for an individual
who is responsible and interested in helping energy performance [7]. The chosen individuals will
be responsible for the implementation – followed by management – of the energy plan, so they
must be committed to the success of the plan [5]. Studies show that many manufacturing
organizations choose production employees to be members of the EnMS team [10]. This stems
from the need for skilled technical personnel who are familiar with the way things function on the
manufacturing floor and personnel who are experts on the energy use of machines [10]. Once an
energy manager and energy team members have been chosen, they need to undergo training. It is
the responsibility of the organization to ensure that personnel is sufficiently able to perform energy
management duties by providing them with training, education, and experience with a focus on
essential energy commitment areas [10].

Literature also expresses the importance of continuous energy audits. Energy audits play a
crucial role in finding energy improvement opportunities within the organization and involve
investigating, breaking down, and understanding organizational procedures and high-use energy
products [9]. It has been advised that instead of conducting energy audits on a need-for basis,
energy audits should instead be conducted annually to ensure the organization is performing to the
standard it set for itself [5]. The below image shows the Energy Management Process, and shows
how management plays a role in a smooth process.
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Figure 4: Energy Management Process [5]
It is also critical for organizations to be aware of how their energy is being used [5].
Building awareness and engagement amongst employees is vital to ensuring the successful
implementation of the plan – but it has been advised that this can be a lengthy process [5]. It takes
time for employees to adjust to new energy policies, but it has been said that once they adjust and
become more involved in the process, they are more likely to suggest new improvement
opportunities to help better the EnMS. It is also beneficial for organizations to hold forums where
plant energy managers, energy leaders, and team members share the progress they have made as
well as challenges they may have faced [5]. This allows employees to stay up to date with what
others are working on and offers opportunities for employees to brainstorm energy improvement
ideas. Another key to a successful energy management policy is the development of key
performance indicators (KPIs). There must be operational controls in place that alert employees
when KPIs are starting to drop to below desirable levels [5]. Good operational controls include
appropriate KPIs, visual KPIs, and control of KPIs at the lowest level possible [5].

Unfortunately, some pitfalls may occur when implementing an EnMS in an organization.
Some possible pitfalls, along with their countermeasures, are as follows:
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•

Pitfall 1: Not obtaining top management support before implementing ISO 50001 EnMS.
Without top management involvement and support, the EnMS will eventually falter
without any, or few, positive results. It is best not to advance too far into the EnMS process
until management support is secured [7].

•

Countermeasure 1: Normally, this is not a problem since management initiates the call to
implement the standard. If management does not do this, an energy team should develop
an EnMS presentation that covers why the organization should implement ISO 50001
EnMS. The energy team should obtain functional approval to present to higher
management. If higher management approves and supports the team with resources, the
commitment is there. The energy team will need to develop a plan, implement it, and keep
management informed at all major milestones [7].

•

Pitfall 2: Making the entire implementation too technical or too rigid; thus, most people
will not understand what is going on or how they can help [7].

•

Countermeasure 2: Any training, posters, or information to be given to the employees and
contractors of the organization should be reviewed by a small cross-functional test group
for review, comments, and recommendations. These individuals can serve as your focus
group, ensuring all information provided to the employees and contractors is clear,
understandable, and useful [7].

•

Pitfall 3: Setting goals at the beginning that are overly ambitious and cannot be achieved
in the time frame selected with the resources funded [7].

•

Countermeasure 3: Make stretch goals that are feasible and can be achieved. The energy
team should evaluate any countermeasure or project for how many kW or kWh (if an
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electricity project) will be saved. Ensure that sufficient countermeasures are identified to
achieve a goal or target [7].

Fossil fuels are fuels formed by natural processes such as the decomposition of dead
organisms. The organisms and their resulting fossil fuels are typically millions of years old, contain
high percentages of carbon, and include coal, petroleum, and natural gas. Fossil fuels are nonrenewable resources because they take millions of years to form, and reserves are being depleted
at a rate faster than new ones are being made. A global movement toward the generation of
renewable energy is therefore under way to help meet increased energy needs, and renewable
energy sources are already replacing fossil fuels [16].

Solar energy is becoming a prevalent energy source at manufacturing facilities all around
the world. Solar energy is becoming cheap not only compared with other renewable energy sources
but also compared with traditional fossil fuels [18]. Solar energy is the most direct way by which
people harness the power of sunlight. Photovoltaic (PV) panels turn that light into electricity, and
solar thermal systems make use of the Sun’s heat [18].

Intel technologies are enabling renewable energy solutions for businesses and homes by
improving access, manageability, and analytics [19]. Intel’s commitment to renewable energy is
also demonstrated through over 100 installations in 12 states and countries, drawing on over a
dozen different energy generation technologies, from wind to fuel cells [19]. The technology to
capture and convert the sun’s inexhaustible energy into electricity seems to be in a constant state
of innovation, and solar panels themselves are continually becoming more efficient [19]. Whether
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it’s a rooftop “solar skin” that is barely visible or solar-powered pavement that generates clean
energy and powers its streetlights, breakthroughs in photovoltaics (PV) are announced regularly
[19]. The combination of the Intel toolkit makes the routine inspection of solar energy farms both
easier and safer and makes the real-time analysis of data collected more efficient [19]. The solar
carport at Intel’s Folsom campus can generate enough power at peak capacity to meet over half of
the campus’s energy usage, the equivalent of powering almost 1,000 homes [19]. A renewable
energy grid is modular, distributed, and driven by consumers who can generate electricity
themselves. In this distributed energy model, customers can become producers by feeding excess
electricity back into the grid—and in many states, receive credit on their electric bills [19]. Intel
now estimates it has installed 3 million square feet of solar arrays at Intel sites in nine nations, and
they harvest 33 million kilowatt-hours of green power, equivalent to the annual energy use of 3,700
U.S. homes [19]. At its campuses across the world, Intel uses energy from the sun to heat and cool
its buildings, provide lighting, and produce electricity for on-campus use [19]. Today, 100 percent
of the energy Intel uses in its chip manufacturing business in the U.S. and Europe comes from
renewable sources: solar, hydro, and wind. Intel has for the past decade, according to the U.S.
Environmental Protection Agency, been the United States’ No. 1 or No. 2 corporate buyer of green
power [19].
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2.3. Energy Data Analysis Resources and Electricity Generation Market
There are two types of power markets – regulated and deregulated. Regulated power
markets have utility companies that own and control all the equipment including generators and
electric meters. In a deregulated power market, companies known as retail electricity providers
(REPs) generate power for the electric grid that utility companies then distribute to customers.
Electricity rates in a regulated power market are governed by a state’s public utility commission,
which leads to more stable pricing, reliability, and predictability for energy costs. Prices in a
deregulated market fluctuate with the energy market. However, researching REPs and negotiating
can lead to cost savings.
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2.4. Potential Improvement Opportunities in Similar Automotive Industries
The below images shows typically recommended improvements for Motor Vehicle Parts
manufacturers from the Industrial Assessment (IAC) website. Our team has focused on number 1
on the list and the Mechanical Engineering team has focused on numbers 4 and 8.

Figure 5: IAC Top Tens [12]
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Chapter 3 – Methodology and Approach
The following subsections explain our problem-solving approach, project requirements,
project responsibilities, project management as well as scheduling information, and the
measurement tools and utilized software for the project.
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3.1. Problem Solving Approach
To complete tasks 5, 6, 8, 9, and 10 we formed an energy management team at the facility.
To do this, we filled out a team roster matrix to assign responsibilities to team members, as well
as worked with top management to ensure that the energy management system is sustained.
To ensure this, an energy team leader was selected based on their skills, such as:

•

Problem-solving

•

Conflict and program management

•

Related background in energy systems

•

Continual improvement experience

Top management at Hitachi must recognize the importance of the energy team and their
mission, and as a result should supply necessary resources, time, and data including but not limited
to:

•

Allocated resources to train the energy team and additional time for team activities.

•

Access to higher management to communicate related information regarding ISO 50001.

•

Locations or software needed for meetings and work-related activities.

The next step involved identifying all energy sources consumed at the Hitachi Astemo Plant,
which includes systems and equipment that are associated with the power sources. Once all energy
sources are identified we established a data collection plan to measure energy consumption
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consistently and accurately. From here we decided upon analysis methods and used these to
establish trends in energy consumption.

With this, we identified the significant energy uses (SEUs) within the plant. From the first site
visit in early February, the SEUs identified were the following:
•

Compressed Air Systems

•

HVAC and Fan systems

•

Lighting

•

Process Heating Systems

Figure 6: Furnace and Dryer Fans

Figure 7: Air Compressors
From here we evaluated the SEUs and determine the energy performance based on the
energy consumption and other relevant data points. Relevant data points involve variables such as:
•

Weather

•

Temperature
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•

Locations

•

Schedules

•

Material handling

Evaluation was conducted through graphical means, where the energy consumption of these
SEUs can be compared to the variables to determine any possible correlations that can be
addressed. With this, developed an energy baseline to measure and monitor any improvements to
Hitachi’s energy intensity ratio, seen in Figure 8.

Figure 8: Energy Intensity [12]

Cost-benefit analyses can be conducted to determine the feasibility of recommendations to
Hitachi. This includes:
•

Life Cycle Cost Analysis

•

Net Present Value

•

Internal Rate of Return

•

Simple Payback Period

Our last problem approach involved determining the information needed to establish trends in
the energy system. This involved determining the data to monitor, measure, analyze, and evaluate
the results of the improvements and create methods needed to ensure that the energy management
system survives. With all this collected information, we had the data needed to successfully plan
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and implement tasks 5, 6, 8, 9, and 10 from ISO 50001 at Hitachi’s manufacturing facility in
Monroe, GA. For more information regarding the implementation of these tasks using the ISO
50001 Navigator portal, please see Chapter 4 of this report.
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3.2. Requirements
The requirements for our project have been outlined by Dr. Esmaeili and KSU’s IAC and are as
follows:
•

Assemble a management-approved Energy Team to oversee the Energy Management
System (EMS); responsibilities/authorities are assigned, and the protocol is implemented
to identify and provide resources.

•

Ensure the intended outcome of the EnMS and energy performance improvement by
determining strategic risk and opportunities; evaluate risk and opportunities through
implemented actions.

•

Identify energy sources, energy uses, and variables that may affect energy consumption,
and implement an effective data collection plan such that the measurements and analysis
are conducted accurately and are repeatable.

•

Determine, monitor, and evaluate criteria to identify Significant Energy Uses (SEUs) and
energy performance, including related factors (persons).

•

Identify and prioritize energy performance improvement opportunities, and ensure
processes are in place for updating them.

•

Utilize methodology for determining and updating energy performance indicators and
energy baselines that monitor energy performance and demonstrate energy performance
improvement.

•

Monitor EMS performance trends and evaluate the effectiveness of EMS in achieving
predetermined goal targets and intended outcomes; define methods used, monitoring
frequency, and result-analysis timeline.
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3.3. Responsibilities and Tasks Chart
The responsibilities of the Energy Team revolve around overseeing, monitoring, and
evaluating the Energy Management System, including but not limited to, strategic risk and
opportunities, energy sources/uses, data collection, and EMS performance, while Hitachi will
provide site access, ensure safety protocols and equipment, and methodology for analysis and
utilize current processes in place to review and update data and energy performance improvement
opportunities.

The responsibilities of our team can be seen in the below table. In addition, our team must
be in constant contact with the Hitachi team and provide help if they request it.

Table 1: FDR Task Chart
Task
Delegate Tasks
Develop an Energy Baseline
Complete Financial Analysis for Solar
Recommendation
Finalize EnPIs
Review Final Project to Hitachi Team
Complete FDR Poster
Complete FDR Video
Submit Items to Digital Commons

Assigned To
Liz Anderson
Anthony Apanian
Jen Tran & Walid Khalid

Due Date
4/27/22
4/27/22
4/27/22

Anthony Apanian
All
All
All
Liz Anderson

4/27/22
4/27/22
4/27/22
4/27/22
4/27/22
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3.4. Project Management and Schedule
Creating the energy team that will oversee, utilize, and evaluate the EMS required a variety
of considerations to create the most effective and efficient team. When determining participation
on the team, candidates were evaluated on a range of criteria: (1) organizational – which
departments are involved with this project and what are the current working relationships among
them, (2) technical – which candidates possess the technical skills and knowledge necessary for
this project and avoid redundancies in skills and specialties, (3) interpersonal – evaluate which
candidate groupings result in the highest levels of cooperation and trust and least amount of
conflict by creating the appropriate hierarchical structure, (4) logistical – determine how proximity
or distance impacts coordination, and (5) political – what are the formal and informal relationships
between candidates, and what are their relationships to their departments, organizations, and
agendas.

Once candidates were selected for the team, they were organized into an effective
hierarchical structure that best utilized each candidate to their technical skills and logistical
limitations; responsibility assignment matrices were utilized to cross-reference team members to
assignments or activities that best ensure efficient execution of responsibilities and project phases.
Once candidates were approved by top management and the organizational structure is determined,
roles, authority, responsibility, and expectations were communicated to each team member to
ensure maximum cooperation and coordination.
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The below table shows the energy team meeting schedule for the Spring 2022 semester.
The purpose of these meetings is to ensure that all team members (of both KSU and Hitachi) are
on the same page regarding project status, project updates, and any possible project changes.

Table 2: Team Schedule
Date

Task/Event

3/1/2022

Meeting with Hitachi

3/4/2022

Site visit

Task Details

Team Members

Meet with the Hitachi team to decide what the focus
of the site visit will be
Visited Hitachi site to gather data and work with the
team to make an EnMS

Dr. Esmaeili, Hitachi Team,
Liz Anderson
All

3/14/2022

Weekly team meeting

Weekly team meeting to brainstorm and align ideas

All

3/16/2022

Follow-up meeting with
Hitachi

Met with the Hitachi team to ask questions about
their energy billing data and energy use

Dr. Esmaeili, Hitachi Team,
Liz Anderson

3/21/2022

Weekly team meeting

Weekly team meeting to brainstorm and align ideas

All

3/23/2022

Weekly meeting with Hitachi

Weekly meeting with Hitachi to discuss progress and
ask questions

Dr. Esmaeili, Hitachi Team,
Liz Anderson

3/28/2022

Weekly team meeting

Weekly team meeting to brainstorm and align ideas

All

3/30/2022

Weekly meeting with Hitachi

Weekly meeting with Hitachi to discuss progress and
ask questions

Dr. Esmaeili, Hitachi Team,
Liz Anderson

4/4/2022

Weekly team meeting

Weekly team meeting to brainstorm and align ideas

All

4/6/2022

Weekly meeting with Hitachi

Weekly meeting with Hitachi to discuss progress and
ask questions

Dr. Esmaeili, Hitachi Team,
Liz Anderson

4/11/2022

Weekly team meeting

Weekly team meeting to brainstorm and align ideas

All

4/13/2022

Weekly meeting with Hitachi

Weekly meeting with Hitachi to discuss progress and
ask questions

Dr. Esmaeili, Hitachi Team,
Liz Anderson

4/18/2022

Weekly team meeting

Weekly team meeting to brainstorm and align ideas

All

4/20/2022

Weekly meeting with Hitachi

Weekly meeting with Hitachi to discuss progress and
ask questions

Dr. Esmaeili, Hitachi Team,
Liz Anderson

4/25/2022

Weekly team meeting

Weekly team meeting to brainstorm and align ideas

All

4/27/2022

Weekly meeting with Hitachi

Weekly meeting with Hitachi to discuss progress and
ask questions

Dr. Esmaeili, Hitachi Team,
Liz Anderson

5/2/2022

Final team meeting

Weekly team meeting to brainstorm and align ideas

All

5/4/2022

Final meeting with Hitachi

Weekly meeting with Hitachi to discuss progress and
ask questions

Dr. Esmaeili, Hitachi Team,
Liz Anderson
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3.5. Measurement Tools and Utilized Software
To collect information about the energy used at Hitachi, physical tools belonging to KSU’s
IAC will be used. These tools can be seen in Figure 9 and include thermal cameras, which are used
to detect heat which is then converted to a visual image. Data loggers are mounted on electrical
wires and collected current or voltage to help detect energy use patterns. Combustion analyzers
can detect CO2 and combustion energy for natural gas equipment, which can help detect energy
waste. Finally, light meters were used to monitor light levels in the facility and can help discover
areas that are either under or over illuminated.

Figure 9: Tools for Energy Analysis

Figure 10: PVWatts Calculator [21]
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The PVWatts calculator, seen in Figure 10, was used to estimate the energy production and
cost of energy of grid-connected solar energy systems throughout the world [21]. The BizEE
Degree Days Calculator, seen in Figure 11, as well as the ELA heating and cooling degree
calculators seen in Figure 12, were used to identify degree days at the Hitachi site.

Figure 11: Degree Days Calculator [12]

Figure 12: Heating and Cooling Degree Days Chart [12]
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All software and hardware requirements for this project will be supplied by the Department
of Energy’s Industrial Assessment Center. Our team has identified the software and hardware
requirements for this study.
The following software programs will be used in this study:
•

Microsoft Excel, Visio, Word, and PowerPoint

•

Minitab

The following hardware will be used to collect data during on-site visits:
•

Energy data-loggers

•

Data collection equipment

•

Thermal camera

As previously mentioned, our team is working with Dr. Esmaeili and several of his mechanical
engineering undergraduate as well as systems engineering graduate students. Although their
specific goals for this semester are different, they will also be available to our team as a learning
resource throughout this project. Additional resources also include the ISO 50001 Navigator
previously mentioned and documentation provided by the Department of Energy.
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Chapter 4 – Results and Discussions
The below subsections present our project task results and include the energy policy we
drafted for Hitachi, energy use analysis, identification of SEU, and identification of possible
energy improvement opportunities. In addition, further discussion and analyses of the results are
presented.
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4.1. Energy Policy for Hitachi Astemo Americas, Inc. based on ISO 50001
Requirements
Our team has drafted an energy policy for Hitachi using information from Hitachi’s 2021
Sustainability Report and 2020 Environmental Policy. The goal of the energy policy is to express
Hitachi’s commitment to its EnMS and environmental goals. Our team has worked with Hitachi
leadership to define EnMS and environmental goals that are important to them and have worked
these topics into the energy policy.

Hitachi’s Sustainability Report states that they are working to expand their decarbonization
business and are improving the environmental performance of products through environmentally
conscious designs [14]. Hitachi is also focusing on exploring sustainable energy options for their
businesses including nuclear energy, renewable energy, and thermal energy. Hitachi also plans to
“…further improve production efficiency and energy use efficiency during the production by using
production technology and by adopting and updating highly efficient equipment in our business
sites (factories and offices). We will also acquire renewable energy and adopt equipment for it to
effectively promote carbon neutrality at our business sites” [14].

The drafted energy policy for Hitachi is as follows:
Hitachi Astemo Americas is committed to contributing to a sustainable society through its
business decisions. Hitachi has sought to improve the quality of life for people everywhere
while enhancing value for customers through our services and technologies. Hitachi is also
determined to create new social value with its Social Innovation Business by defining the
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kind of future value Hitachi would like to create. In 2020, Hitachi announced the aim for
its business sites to become carbon neutral by the fiscal year 2030.
Hitachi has defined three areas that will focus its growth: Environment, Resilience, and
Security & Safety. In the area of Environment, Hitachi will help build a decarbonized,
resource-efficient society. In the area of Resilience, Hitachi wants to promote a society that
can handle any disruption to public services and systems caused by a natural disaster or
resource shortage. In the area of Security & Safety, Hitachi aims to help prepare for an
era when the average person will live to be 100 by helping to make it possible for everyone
to grow older while enjoying good physical and mental health.
With the definition of our energy management policy, Hitachi emphasizes the importance
of responsible production efficiency and energy use efficiency.

Hitachi shall achieve these goals by:
o Establishing an effective Energy Management System (EnMS) which has been
approved by top management and communicated across the organization.
o Establish an Energy Management Team to oversee energy efficiency.
o Monitoring energy efficiency levels and implementing continuous energy
improvement processes.
o Providing employee training on efficient energy operations.
o Engaging with stakeholders across the Hitachi value chain to propagate energy
efficiency.
o Further improving production efficiency and energy use efficiency during the
production by using production technology developed and the Lumada platform
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and by adopting and updating highly efficient equipment in our business sites
(factories and offices).
o Acquiring renewable energy and adopting equipment for it to effectively promote
carbon neutrality at our business sites.
o Setting a reduction rate of CO2 emissions per unit (compared to fiscal 2010) based
on efficiency enhancements such as energy-saving feature enhancement in products
and services. Every year, Hitachi will calculate reductions in CO2 emissions
considering the production volume of the relevant year.
o Calculating avoided emissions as reductions in CO2 emissions due to the
introduction of renewable and other non-fossil energy systems, as compared to
existing grid-supplied electricity.
o Encouraging the use of our Hitachi Internal Carbon Pricing (HICP) system which
was introduced to provide incentives for capital investments that contribute to CO2
reductions. HICP is an inhouse system to visualize the amount of CO2 reductions
from capital investments in factories and offices, and then convert it into costs and
apply it to investment decisions.
o Working with suppliers toward a decarbonized society. As part of the initiatives to
promote carbon neutrality in our supply chain, starting in fiscal 2021 we plan to
request that 70% of our suppliers (based on the total amount of our transactions
and does not include publicly listed subsidiaries) formulate CO2 reduction plans
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The responsibilities of the Hitachi Energy Management Team are as follows:
o Ensuring all members of the organization understand and follow Hitachi’s
Energy Policy and Energy Management System.
o Schedule regular energy management team meetings.
o Assign and communicate EnMS responsibilities and authorities within the
organization.
o Address and communicate responsibilities for other relevant roles.
o Identify, communicate to top management, and allocate the resources
needed for the EnMS.

Hitachi is committed to creating a sustainable society to thrive in a sustainable future and
is committed to all the items discussed in the above energy policy.

The below information is from the IAC website and explains Task 5 and its requirements.
Our team has completed the ISO 50001 Navigator task and its requirements under the guidance of
Dr. Esmaeili and the Hitachi team.

1. Task Definition
We have an energy policy statement, which has been approved by top management and
communicated across the organization [12].
2. Task Overview
The energy policy is top management’s statement of its intentions concerning your organization’s
energy performance. The commitments stated in the policy set the direction for energy
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management activities and provide the framework for using objectives and energy targets to
achieve energy performance improvements. The energy policy should be documented and
communicated to personnel across all levels of the organization and be available to interested
parties [12].
3. Procedure to Follow
The energy policy must state top management’s commitments to the following:
o Continual improvement in energy performance
o Continual improvement of the energy management system (EnMS)
o Ensuring that the information and resources needed to meet objectives and energy
targets are available
o Complying with applicable legal requirements and other energy-related
requirements relevant to your organization
In addition, the energy policy must support:
o Purchasing of energy-efficient products and services that impact energy
performance.
o Consideration of energy performance improvement in design activities.

The policy may be only a few sentences, or it may be several paragraphs long. Simpler and
shorter is typically better, but it needs to include the commitments listed above and be appropriate
to the nature of your organization.

Sometimes top management or the energy management team will incorporate additional
commitments into the energy policy (e.g., sustainability, reductions in greenhouse gas emissions,
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ENERGY STAR®, and other government requirements) that are not required by ISO 50001. This
is acceptable; however, remember that what is stated in the policy must be demonstrated. In other
words, if you say it then you must do it [12].

4. Completed Playbook for 50001 Ready
Typically, the energy team prepares an initial draft of the energy policy for top management’s
consideration and approval. The Playbook worksheet can help your team draft the energy policy.
If your organization already has an energy policy, that can serve as a starting point. Conduct a
review to see if the existing policy includes the items listed above [12].

Figure 13: ISO Playbook Task 5 [12]
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4.2. EnMS Roles and Responsibilities at Hitachi Astemo Americas, Inc.
Task 6 involves the creation of an energy team that is authorized by management. This
team’s main responsibility is to ensure that Hitachi’s Energy Management System (EnMS) is
established, implemented, maintained, and continually improved.

The primary members of this team were identified during the ISYE team’s second site visit
to Hitachi. It has been determined that the energy team will be led by the current HSE manager,
Zane White. The primary coordinators of the team will be representatives from the Engineering,
Facilities, and Maintenance departments at the Monroe facility. Figure 10 below illustrates the
organizational hierarchy and various departments at this facility. Because Hitachi has already gone
through the process of implementing ISO 14001, most of this energy team will include the same
members from the team that manages their Environmental Management System, which meets
quarterly to review the current state of the system. Once ISO 50001 has been implemented, the
meeting times for ISO 14001 will also be utilized for the team to discuss the state of the Energy
Management System. The chart in Figure 14 provides details of the assigned tasks for different
team members. In addition, Table 3 shows the roles and responsibilities of the Hitachi team.
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Figure 14: Hitachi Organizational Chart

Table 3: Hitachi Task Chart
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The initial goal of the recurring team meetings will be to plan, schedule activities, assign
responsibilities and review the progress of the EnMS. As a development of the system progresses,
additional team members may be required to provide expertise on details associated with specific
requirements, such as design and procurement. Once the EnMS has been fully implemented, the
team will continue meeting to ensure its continued operation and improvement.

The information in the sub-sections below is from the IAC website and explains in detail
Task 6 and its requirements. Our team has completed the ISO 50001 Navigator task under the
guidance of Dr. Esmaeili and the Hitachi team.

1. Task Definition
We have an energy team authorized by top management to oversee the energy management
system. Responsibilities and authorities are assigned and communicated, and processes are in place
to identify and provide resources [12].

2. Task Overview
Top management must ensure that an energy management team is formed and authorized
to oversee the energy management system (EnMS). This team has overall responsibility to ensure
that the EnMS is established, implemented, maintained, and continually improved—and to report
to top management on energy performance improvement and EnMS performance. Desirable skills
and qualifications should be considered when selecting candidates for this role [12].
An EnMS relies heavily on a team approach, to take advantage of the diversity of
everyone’s skills and knowledge for your organization’s benefit. The team provides different
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perspectives on issues, distributes workload, communicates the importance of energy across the
organization, facilitates implementation, promotes wider acceptance among the workforce, and
improves prospects for sustaining the system. The energy team is authorized by top management
to carry out its assigned responsibilities. Typically, the team is led by the energy manager, site
managers, or other designated member of the energy team who understands the organization’s
energy use or management systems [12].
Once the energy team is established, the team should decide how the resources needed for the
EnMS and energy performance improvement will be identified and communicated to top
management, as well as how those resources will be utilized.

3. Procedure to Follow
Top management assigns responsibility and authority to the energy team for the following:
o Ensuring that an EnMS that meets the guidelines of the 50001 Ready Navigator is
established, operated, maintained, and continually improved.
o Implementing action plans for energy performance improvement.
o Reporting to top management on energy performance improvement and EnMS
performance.
o Setting up criteria and methods to ensure effective operation and control of the
EnMS.
These responsibilities reside with the energy team even after initial implementation of the
EnMS. In most initial EnMS implementations, the energy team also serves as the implementation
team.
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Energy team members should be assigned specific EnMS implementation tasks and should
be held accountable for their timely completion. Robust team communication processes are critical
for communicating assignments, developing, or adapting the processes needed for the EnMS, and
obtaining feedback from other team members.
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4.3. Energy Data Sources and Identification of Significant Energy Uses (SEUs)
The below paragraph is from the IAC website and explains in detail Task 9 and its
requirements. Task 9 involves determining and monitoring significant energy uses. We have
determined our significant energy uses (SEUs) and have identified and monitored their relevant
variables and energy performance and identified the persons that affect the SEUs. We have a
process to review and update SEU data and related information, including our methods and criteria
to determine that energy use should be an SEU.

Significant energy uses (SEUs) are energy uses identified by the organization as having
major energy consumption and/or considerable opportunity for improvement. They are a key
component of the 50001 Ready system and require additional attention and action relative to other
energy uses. It’s important to identify the organization’s SEUs using defined criteria for
significance. When starting with a 50001 Ready system, it is recommended to tackle just one or
two SEUs. Once identified, the current energy performance of SEUs needs to be determined. The
performance of the SEU is dependent on factors that influence its operation. Identifying these
factors or relevant variables will help determine their current energy performance. Once the
performance is determined, processes should be implemented to continually monitor that
performance. Collecting, analyzing, and tracking data on SEU performance can reveal
opportunities for improvement.

For newly implemented energy management systems, it is important to start simply.
Consider limiting the number of SEUs in your new EnMS, since these energy uses can require the
most resources.
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It is important to verify the impact of specific variables on SEUs by collecting relevant
energy data and comparing it to appropriate variable data to determine the relationship, if any, of
the change in energy consumption coinciding with the change in the variable. One way to define
the relationship is to graph the energy data over a defined period and compare it to a graph of the
variable data, such as average daily temperature, over the same period and determine if there are
coincidental variations.

With the assistance of our Mechanical Engineering teammates, we have identified the
significant energy uses (SEUs) within the plant. From the first site visit in early February, the
SEUs identified were the following:
•

Compressed Air Systems. Compressed air is used as an energy source and as active air.
As an energy source compressed air is often used to power pneumatic [17]. Active air is
air that comes directly into contact with the product [17].

•

HVAC and Fan systems. HVAC stands for Heating, Ventilation, and Air Conditioning.
HVAC refers to the different systems used for moving air between indoor and outdoor
areas [17].

•

Lighting. Lighting systems refer to sources of light in the facility, such as bulbs and other
forms of illumination.

•

Process Heating Systems. Process heating systems provide the heat energy required for
various manufacturing operations, such as heating, melting, curing, and drying [17].

Relevant data points involve variables such as:
•

Weather

•

Temperature
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•

Locations

•

Schedules

•

Material handling

Evaluation was conducted through graphical means, where the energy consumption of
these SEUs can be compared to the variables to determine any possible correlations that can be
addressed. With this, developed an energy baseline to measure and monitor any improvements to
Hitachi’s energy intensity ratio.

Figure 15: Account 823420001 KWh

Figure 16: Account 823420003 KWh

Consumption, January 2018 – March 2022

Consumption, November 2019 – March 2022
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Figure 17: Account 823420006 KWh

Figure 18: Account 823420011 KWh

Consumption, January 2018 – March 2022

Consumption, June 2018 – March 2022

Figures 15 – 18. represent the total kilowatt hour (KWh) consumed for each account
throughout the previous months. Figure 15 begins on November 2019 and Figure 17 begins on
June 2018. All the accounts end during March 2022.

Building 1 (B1) houses accounts 823420001 and 823420006 and Building 2 (B2) houses
accounts 823420003 and 823420011. Combining the accounts, we can create a graph for each
building’s electricity consumption, plotted as Figure 19 and Figure 20.
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Figure 19: Building 1, KWh Consumption

Figure 20: Building 2, KWh Consumption

January 2018 – March 2022

November 2019 – March 2022

Cooling Degree Days (CDD) are a measurement to determine the number of hot days
during a period. It is calculated by adding the difference in mean temperatures above a baseline
temperature. For example, if the baseline temperature is CDD 65⁰F, and the temperature for one
day is 70⁰F and the other is 75⁰F, the CDD value would be 15 cooling days for those two days.
The CDD/HDD datasets are collected from DegreeDays.net, seen in Figure 11 [15].
With this we can calculate the electricity baseline and Cooling KWh. The baseline is
calculated by subtracting the shoulder months from the total KWh consumption to get the Building
Cooling KWh. Because the baseload changes with each year, the average is used for the baseline
calculation, highlighted in red. From there, the Building Cooling KWh is plotted against the CDD
70⁰F to calculate the R2 value used in determining the correlation. Table 4 and Table 5 contain the
ranges of data for their respected building, which includes:
•

Monthly kWh consumption and CDD 70⁰F data

•

Calculated baseline

•

Building Cooling kWh
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Table 4: Building 1, KWh Consumption and Cooling KWh Calculation
Date
CDD 70⁰F
1/1/2018
0
2/1/2018
11
3/1/2018
6
4/1/2018
26
5/1/2018
132
6/1/2018
240
7/1/2018
253
8/1/2018
235
9/1/2018
232
10/1/2018
85
11/1/2018
1
12/1/2018
1
1/1/2019
0
2/1/2019
4
3/1/2019
4
4/1/2019
52
5/1/2019
201
6/1/2019
206
7/1/2019
331
8/1/2019
280
9/1/2019
264
10/1/2019
83
11/1/2019
2
12/1/2019
0
1/1/2020
1
2/1/2020
2
3/1/2020
34
4/1/2020
36
5/1/2020
101
6/1/2020
209
7/1/2020
369
8/1/2020
285
9/1/2020
145
10/1/2020
62
11/1/2020
17
12/1/2020
0
1/1/2021
0
2/1/2021
6
3/1/2021
20
4/1/2021
52
5/1/2021
119
6/1/2021
229
7/1/2021
307
8/1/2021
302
9/1/2021
157
10/1/2021
63
11/1/2021
6
12/1/2021
6
1/1/2022
2
2/1/2022
4
3/1/2022
15
Sum
5193.4

KWh B1 Baseline B1 Cooling KWh
1098116
1046674
51442
1102756
1046674
56082
1172354
1046674
125679
1170049
1046674
123375
1360745
1046674
314070
1356839
1046674
310164
1371523
1046674
324849
1407624
1046674
360950
1194916
1046674
148242
1254422
1046674
207748
1066477
1046674
19803
895607
1046674
0
1028743
1046674
0
923299
1046674
0
964791
594348
370443
1005936
594348
411588
1145183
594348
550834
1084146
594348
489798
1102974
594348
508625
1150429
594348
556081
1075722
594348
481374
1029117
594348
434768
852480
594348
258132
800224
594348
205876
889874
594348
295526
853055
594348
258707
714156
594348
119808
265397
572795
0
520457
572795
0
859737
572795
286942
952830
572795
380035
1037858
572795
465063
993112
572795
420317
876129
572795
303334
806888
572795
234093
737758
572795
164963
763335
572795
190540
652541
572795
79746
800447
572795
227652
776948
572795
204153
744831
462030
282801
744213
462030
282183
751306
462030
289276
788534
462030
326504
726579
462030
264549
704870
462030
242840
623143
462030
161113
620037
462030
158007
661604
462030
199574
674555
462030
212525
462030
462030
0
46616695
12360174
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Table 5: Building 2, KWh Consumption and Cooling KWh Calculation

Date
CDD 70⁰F KWh Consumption B2 Baseline B2 Cooling KWh
11/1/2019
2
95327
218462
0
12/1/2019
0
286512
218462
68050
1/1/2020
1
337485
218462
119023
2/1/2020
2
328948
218462
110485
3/1/2020
34
308092
218462
89630
4/1/2020
36
144021
218462
0
5/1/2020
101
247943
218462
29481
6/1/2020
209
407143
218462
188681
7/1/2020
369
412326
218462
193864
8/1/2020
285
461876
218462
243413
9/1/2020
145
437652
218462
219190
10/1/2020
62
401539
218462
183076
11/1/2020
17
302533
218462
84070
12/1/2020
0
258572
218462
40110
1/1/2021
0
268785
218462
50323
2/1/2021
6
253713
218462
35250
3/1/2021
20
320547
218462
102085
4/1/2021
52
292904
218462
74442
5/1/2021
119
357857
218462
139395
6/1/2021
229
443827
218462
225364
7/1/2021
307
423100
218462
204637
8/1/2021
302
498226
218462
279764
9/1/2021
157
361169
218462
142707
10/1/2021
63
363375
218462
144913
11/1/2021
6
326665
218462
108203
12/1/2021
6
333030
218462
114568
1/1/2022
2
306690
218462
88227
2/1/2022
4
279313
218462
60850
3/1/2022
15
209517
218462
0
Sum
2548
9468686
3339801

65

Figure 21: Building 1, Cooling KWh

Figure 22: Building 2, Cooling KWh

January 2018 – March 2022

November 2019 – March 2022

Figures 21 and 22 illustrate the relationship between CDD and Cooling KWh. As the
summer months bring warmer weather, the electrical consumption increases as well. Using a linear
regression model, the CDD and Cooling KWh are plotted in Figures 23 and 24.

Figure 23: Building 1

Figure 24: Building 2

CDD 70⁰F vs Cooling KWh

CDD 70⁰F vs Cooling KWh
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The R2 values above show us that there’s a strong correlation between the hotter days and
electrical consumption. Knowing this, we will be able to create an Energy Performance Indicator
(EnPI) for cooling days, which will help us gauge the effectiveness of the Energy Management
System.

Figure 25: Natural Gas Consumption (Cubic Feet)
April 2020 – January 2022
Figure 25 represents the total cubic feet of natural gas consumed in buildings 1 and 2. Much
like electricity and cooling days, we will do the same with Heating Degree Days (HDD) and
determine the correlation between natural gas and heating days.

Similar to CDD, heating days (HDD) are the number of cooler days that fall below a
temperature baseline. In the case of our calculations, we will be using 60⁰F.
Table 6 represents the ranges of data for natural gas during the months of April 2020 to January
2022, including:
•

Monthly natural gas consumption in cubic feet and HDD 60⁰F data.

•

Calculated baseline

•

Heating Gas values
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Table 6: Natural Gas (Cubic Feet) and Baseline Calculation
Date
HDD 60F Natural Gas Consumption
4/1/2020 165.1
2852
5/1/2020
119
2588
6/1/2020
61.8
2964
7/1/2020
1.4
1963
8/1/2020
0
3483
9/1/2020
0
4338
10/1/2020
16
4879
11/1/2020 56.3
5128
12/1/2020 191.6
7244
1/1/2021 497.2
7803
2/1/2021 515.6
5304
3/1/2021 436.7
4918
4/1/2021
169
2328
5/1/2021 112.3
2941
6/1/2021
30.8
2207
7/1/2021
0.4
1705
8/1/2021
0
1644
9/1/2021
0
779
10/1/2021
7.3
867
11/1/2021 65.8
2026
12/1/2021 300.5
2161
1/1/2022 238.8
3071
Sum
2986
73193

Baseline Heating Natural Gas
1963
889
1963
625
1963
1001
1963
0
1963
1520
1963
2375
1963
2916
1963
3165
1963
5281
1963
5840
1963
3341
1963
2955
1255.5
1072.5
1255.5
1685.5
1255.5
951.5
1255.5
449.5
1255.5
388.5
1255.5
0
1255.5
0
1255.5
770.5
1255.5
905.5
1255.5
1815.5
37947

Figure 26: Natural Gas Consumption with

Figure 27: Natural Gas Consumption vs.

HDD 60⁰F Plot

HDD 60⁰F
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Figures 26 and 27 visualize the relationship between heating gas and heating degree days.
Figure 26 shows that as the months approach winter, the cubic feet of natural gas burned increases
with it. Figure 27 shows the correlation between the two variables, with an R2 value of 0.75. This
tells us that the variation in natural gas consumption is explained well by the increase in heating
degree days. With this we were able to create an EnPI for heating degree day.
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4.4. Energy Data Analysis and Establishment of Energy Performance
Indicators (EnPIs)
Referencing Figures 18 and 19, we can see that hot days influence the consumption of
electricity. To create an indicator that we can use to compare between different years, we will
generate a ratio given by the below formula:

𝑌𝑒𝑎𝑟𝑙𝑦 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑖𝑛 𝐾𝑊ℎ
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐷𝑒𝑔𝑟𝑒𝑒 𝐷𝑎𝑦𝑠
Equation 1
Using the ratio of Equation 1, we can use the indicator of KWh/CDD to calculate the
normalized data to account for warmer temperatures.
This can be done by multiplying Equation 1 by a constant number of cooling degree days
(CDD), which in this case we will use a 10-year average using our 70⁰F base temperature.
Doing the same for Heating Degree Days, we total the natural gas consumption and divide
it by the total number of heating degree days (HDD) to create our heating degree day performance
indicator, seen as Equation 2:

𝑌𝑒𝑎𝑟𝑙𝑦 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑖𝑛 𝐶𝑢𝑏𝑖𝑐 𝐹𝑒𝑒𝑡
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐷𝑒𝑔𝑟𝑒𝑒 𝐷𝑎𝑦𝑠
Equation 2
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Table 7: KWh Normalization - Cooling Degree Days
Yearly Average KWh Consumption with KWh Normalization

Year
2018
2019
2020
2021
10 Year
CDD Avg
1218.7

Sum KWh
14,451,428
12,163,044
9,507,252
8,696,783

Sum CDD
1,222
1,426
1,259
1,266

KWh/CDD
11,825
8,532
7,552
6,869

Normalized KWh
14,411,222
10,398,528
9,203,660
8,371,195

Table 7 above contains the sum of electricity consumed over the course of 2018 – 2021, as
well as the total number of cooling degree days for their respected years.. The KWh/CDD is
calculated by using the formula from Equation 1. The normalized KWh is calculated by
multiplying the KWh/CDD by the 10-year average of CDD days, which in this case is 1218.7 days.
The purpose of this is to compare different years of consumption with having, in theory, the
weather accounted for. If we look at the difference between the year 2018 and 2019, the total KWh
consumption was reduced by 2,288,384 KWh or a 15.84% decrease. However, if we compare
using the Normalized KWh, we see a decrease of 4,012,694 KWh, or a decrease of 27.85%. This
shows that despite having warmer weather, Hitachi was actually more efficient during that same
period.
Because natural gas data extends from April 2020 – January 2022, there is not enough data
to confidently estimate the normalized cubic feet consumption. Once additional billing is supplied
Hitachi can perform the same analysis using Equation 2, using the 10 year average of HDD data
from DegreeDays.net [15].
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4.5. Improvement Opportunities and Prioritizing the Recommendations
Our team has identified solar energy as a possible energy improvement opportunity for
Hitachi. Research from our literature review has shown that switching to solar energy often results
in lower power costs and lower utility bills [18]. Additional benefits include contributing to a
cleaner environment and improved operating efficiency.

Solar energy is becoming a prevalent energy source at manufacturing facilities all around
the world and is cost-effective compared with traditional fossil fuels [18]. Photovoltaic (PV) panels
turn that light into electricity, and solar thermal systems make use of the Sun’s heat [18]. The array
type of a solar panel explains whether the PV modules in the array are fixed, or whether they move
to track the movement of the sun across the sky [20]. We would recommend a fixed array for
Hitachi because they are resilient and need little maintenance [20]. Different array types can be
seen in Figure 28.

Figure 28: Array Types [20]

The module type describes the photovoltaic modules in the array [20]. Figure 29 shows
the different model types for solar systems [20]. If information about the modules in the system
is not available, use the default Standard module type [20].
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Figure 29: Module Types

When solar panels lose energy, this is called system losses. Solar panels lose energy in
several ways – the biggest energy losses being high temperature and shading issues, either through
trees and structures, or passing clouds. Reflection and dirt also play a role in solar panel energy
loss [20]. Soiling losses occur when dirt and other objects on the surface of the PV module prevent
solar radiation from reaching the cells [20]. The system loss percentages for performance losses
you would expect in a real system can be seen in the table below. Snow losses occur in the system
due to snow covering the array – this is not a relevant loss in Georgia due to the lack of snow days.
Mismatch losses occur due to slight differences caused by manufacturing imperfections between
modules in the array [20]. Table 8 shows common system losses as well as their loss percentages.
Table 8: System Losses
Category

Default Value (%)

Soiling

2

Shading

3

Snow

0

Mismatch

2

There are many benefits to investing in a solar energy system in Georgia. Georgia currently
ranks in the top half of the United States for the number of peak sun hours received per year. The
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average cost of solar panel installation in Georgia ranges from $2.53 to $3.43 per watt.
Additionally, the time that it will take to recover the initial investment of a solar energy system, or
solar payback period, is an average of 12.32 years in Georgia. Georgia also offers incentive
programs to organizations who invest in solar energy – the Investment Tax Credit (ITC) allows
organization to deduct 26% of the cost of installing a solar energy system from their 2022 federal
taxes. Solar panels are typically warranted to generate electricity for around 25-30 years. Based on
our literature review, the estimated ROI for a solar energy system is between 13% and 15%, and
the estimated payback time is 5 to 12 years [18].
Our team has conducted a cash flow and present value analysis for a 1 mega-watt solar kit,
with an estimated initial investment cost of $1,141,000, which includes the cost of the system
design, equipment, and the cost of shipping [22]. The cash flow diagram for the proposed solar kit
can be seen below in Figure 30. The National Renewable Energy Laboratory website provides a
PVWatts Calculator that can be used to estimate the energy production and cost of energy of gridconnected photovoltaic (PV) energy systems that assists companies with developing estimates of
the performance of potential PV installations [21]. Based on this tool’s calculations for DC System
Size of 1,000 kW in Monroe, GA, the estimated dollar value of energy production for the proposed
system will be about $144,856.00 during its first year after installation. This calculation is based
on a standard fixed module with an array tilt of 20 degrees, an estimated 14.08% of system losses
and an inverter efficiency of 96%, and the location of the factory.
Studies have shown that high-quality solar panels typically degrade at a rate of 0.5% every
year [20]. However, the cost of energy in Georgia is estimated to increase by an average of 1.7%
per year, increasing the overall savings produced by the solar energy system over time [20]. From
this value, we can subtract the estimated average annual maintenance cost of $20,000 to calculate
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the annual cash flow from the system’s solar energy production for its warranted lifespan of thirty
years. If the company chooses to invest in the solar energy farm in the year 2022, they will qualify
for the investment tax credit (ITC) credit, which will allow them to deduct 26% of the cost of
installing the solar energy system from their federal taxes. This calculates a savings of $296,660.00
based on our estimate and will be refunded in the year 2023. Figure 30 illustrates that the dollar
value of the estimated total energy produced by the proposed solar energy system will reach
approximately $3,749,487.07 after its first thirty years of operation. Based on this cash flow
analysis and using the IRR function in Excel [=IRR(D2:D32)], we have calculated the estimated
internal rate of return (IRR) for the solar farm to be around 15 percent.

Figure 30: Solar Cash Flow Diagram

Table 9 illustrates the net present value over the course of the solar farm’s warranted
lifespan of 30 years. The present values (PV) displayed are the values of the future cash sums of
the investment for each year. The present value is calculated by finding the future cash flows that
are expected from this investment and discounting them back to the present day. Based on this
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analysis, we can predict that the present value of this investment will become positive within 6
years after installation. The positive net present value (NPV) of $3,749,487.06 also indicates that
this will be a profitable investment for the foreseeable future.

Table 9: Present Value Analysis

Figure 31 below shows the empty 4-acre lot behind Hitachi’s Monroe plant that is not
currently in use. Based on the estimated savings of around $3,749,000 after the first 30 years after
installation, and an internal rate of return of about 15%, our team believes that this will be a
profitable investment and encourages Hitachi’s energy management team to consider prioritizing
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the installation of a new solar energy system in this area. The estimated space required for the
solar kit will be around 1.653 acres [22].

Figure 31: Hitachi Map

The information below is from the IAC website and explains in detail Task 10 and its
requirements. Task 10 involves brainstorming, prioritizing, and updating energy improvement
opportunities for Hitachi. Our team has completed this task under the guidance of Dr. Esmaeili
and the Hitachi team. In the coming days, our team will present our ideas to the Hitachi team and
gather their feedback on our suggestions.

1. Task Definition
We identify and prioritize energy performance improvement opportunities and have
processes in place to update them.
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2. Task Overview
Opportunities for energy performance improvement are a key component of the energy
review. Energy performance improvement opportunities are identified by examining current
practice and determining how it can be improved. This process can bring to light the potential for
improved operating practices, equipment and system improvements, and advanced technologies
that would benefit your organization. Opportunities are prioritized following your organization’s
criteria to optimize the use of resources.
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Chapter 5 – Conclusion and Recommendations
The goal of our project was to complete the following tasks for Hitachi:

1.

Preparation of Energy Policy for Hitachi Astemo based on ISO 50001 Requirements.

2.

Assigning the Roles and Responsibilities at Hitachi Astemo Americas, Inc..

3.

Collection of Energy Data Sources and Identification of Significant Energy Uses
(SEUs).

4.

Analyzing the Energy Data and Establishment of Energy Performance Indicators
(EnPIs).

5.

Proposing Improvement Opportunities and Prioritizing the Recommendations.

Our team has drafted an energy policy for Hitachi Astemo based on ISO 50001 Requirements
using information from Hitachi’s 2021 Sustainability Report and 2020 Environmental Policy. The
energy policy can be found in Chapter 4 of this document. The goal of the energy policy is to
express Hitachi’s commitment to their EnMS and environmental goals. Our team has worked with
Hitachi leadership to define EnMS and environmental goals that are important to them and have
worked these topics into the energy policy.

Our team has also assigned energy roles and responsibilities at Hitachi. Additional
information about the energy team we formed can be found in Chapter 4 of this document. The
primary members of this team were identified during the ISYE team’s second site visit to Hitachi.
It has been determined that the energy team will be led by the current HSE manager, Zane White.
The primary coordinators of the team will be representatives from the Engineering, Facilities, and
Maintenance departments at the Monroe facility. Figure 10 below illustrates the organizational
hierarchy and various departments at this facility. Because Hitachi has already gone through the
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process of implementing ISO 14001, most of this energy team will include the same members
from the team that manages their Environmental Management System, which meets quarterly to
review the current state of the system. Once ISO 50001 has been implemented, the meeting times
for ISO 14001 will also be utilized for the team to discuss the state of the Energy Management
System.
Our team has collected energy source data and has identified the following SEUs at
Hitachi: Compressed Air Systems, HVAC and Fan systems, Lighting, Process Heating Systems.
Additional information and usage graphs can be found in Chapter 4 of this report. Evaluation was
conducted through graphical means, where the energy consumption of these SEUs can be
compared to the variables to determine any possible correlations that can be addressed. With this,
developed an energy baseline to measure and monitor any improvements to Hitachi’s energy
intensity. With this we will be able to create an EnPI for heating and cooling degree days.
Our team has identified solar energy as a possible energy improvement opportunity for
Hitachi. Benefits of our recommendation are as follows:
•

Research from our literature review has shown that switching to solar energy often results
in lower power costs and lower utility bills [19].

•

Hitachi’s adoption of solar energy will contribute to a cleaner environment.

•

Hitachi’s adoption of solar energy will result in improved operating efficiency.
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Appendix A – Reflections
We consider our project to be successful. We completed the required tasks in the allotted
time, and the Hitachi team was satisfied with the work we did. The tasks we completed can be
seen below:
1. Prepared an Energy Policy for Hitachi Astemo based on ISO 50001 Requirements.
2. Assigned the Roles and Responsibilities at Hitachi Astemo Americas, Inc.
3. Collected Energy Data Sources and Identified of Significant Energy Uses (SEUs).
4. Analyzed Energy Data and Established Energy Performance Indicators (EnPIs).
5. Proposed Energy Improvement Opportunities and Prioritized the Recommendations.
Looking back, there are a few things that our team might have done differently. There were
several Systems Engineering graduate students on our team completing their capstone project at
Hitachi. These students were available to assist us with tasks we needed help with, but our team
did not end up utilizing their help. If we had utilized their help, we likely would have learned a lot
from them about completing real-world projects and succeeding in the workplace.

Overall, we are pleased with the work we completed for Hitachi and hope that future ISYE
Senior Design teams can carry on this project in future semesters and help Hitachi achieve their
goal of implementing an Energy Management System at their facility and becoming ISO 50001
certified.
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Appendix B – Contact Information
Contact information for our team members can be found below:
Elizabeth Anderson – lizbanderson11@gmail.com
Anthony Apanian – arapanian@gmail.com
Walid Khalid – mdwalid.khalid@gmail.com
Jennifer Tran – jenniferkeller20@gmail.com

